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IMPORTANCE A comprehensive understanding of the benefits of COVID-19 vaccination
requires consideration of disease attenuation, determined as whether people who develop
COVID-19 despite vaccination have lower disease severity than unvaccinated people.

Supplemental content

OBJECTIVE To evaluate the association between vaccination with mRNA COVID-19
vaccines—mRNA-1273 (Moderna) and BNT162b2 (Pfizer-BioNTech)—and COVID-19
hospitalization, and, among patients hospitalized with COVID-19, the association with
progression to critical disease.

DESIGN, SETTING, AND PARTICIPANTS A US 21-site case-control analysis of 4513 adults
hospitalized between March 11 and August 15, 2021, with 28-day outcome data on death and
mechanical ventilation available for patients enrolled through July 14, 2021. Date of final
follow-up was August 8, 2021.

EXPOSURES COVID-19 vaccination.

MAIN OUTCOMES AND MEASURES Associations were evaluated between prior vaccination and
(1) hospitalization for COVID-19, in which case patients were those hospitalized for COVID-19
and control patients were those hospitalized for an alternative diagnosis; and (2) disease
progression among patients hospitalized for COVID-19, in which cases and controls were
COVID-19 patients with and without progression to death or mechanical ventilation,
respectively. Associations were measured with multivariable logistic regression.

RESULTS Among 4513 patients (median age, 59 years [IQR, 45-69]; 2202 [48.8%] women;
23.0% non-Hispanic Black individuals, 15.9% Hispanic individuals, and 20.1% with an
immunocompromising condition), 1983 were case patients with COVID-19 and 2530 were
controls without COVID-19. Unvaccinated patients accounted for 84.2% (1669/1983) of
COVID-19 hospitalizations. Hospitalization for COVID-19 was significantly associated with decreased
likelihood of vaccination (cases, 15.8%; controls, 54.8%; adjusted OR, 0.15; 95% Cl, 0.13-0.18),
including for sequenced SARS-CoV-2 Alpha (8.7% vs 51.7%; aOR, 0.10; 95% Cl, 0.06-0.16) and
Delta variants (21.9% vs 61.8%; aOR, 0.14; 95% Cl, 0.10-0.21). This association was stronger
forimmunocompetent patients (11.2% vs 53.5%; aOR, 0.10; 95% Cl, 0.09-0.13) than
immunocompromised patients (40.1% vs 58.8%; aOR, 0.49; 95%Cl, 0.35-0.69) (P < .001) and weaker
at more than 120 days since vaccination with BNT162b2 (5.8% vs 11.5%; aOR, 0.36; 95% Cl, 0.27-
0.49) than with mRNA-1273 (1.9% vs 8.3%; aOR, 0.15; 95% Cl, 0.09-0.23) (P < .001). Among 1197
patients hospitalized with COVID-19, death or invasive mechanical ventilation by day 28 was

associated with decreased likelihood of vaccination (12.0% vs 24.7%; aOR, 0.33; 95% Cl, 0.19-0.58). Author Affiliations: Author
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he COVID-19 pandemic, caused by SARS-CoV-2, con-

tinues to be a global public health crisis.! The messen-

ger RNA (mRNA) COVID-19 vaccines, including mRNA-
1273 (Moderna) and BNT162b2 (Pfizer-BioNTech), are
highly effective for preventing SARS-CoV-2 infections and
COVID-19 hospitalizations.?"> However, vaccine break-
through COVID-19 (defined as development of COVID-19 de-
spite prior full vaccination) is now being reported throughout
the world.® Because vaccine effectiveness is less than 100%,
breakthrough cases are expected, and as vaccine coverage in-
creases in the population, the ratio of vaccinated to unvacci-
nated cases will increase.

A full interpretation of the protective benefits of COVID-19
vaccines must account for protection against SARS-CoV-2 in-
fection, as well as against progression of disease severity af-
ter breakthrough infection.”® To date, evaluations of COVID-19
vaccines have primarily focused on prevention of sympto-
matic infection and hospitalizations.?>°!! Once hospital-
ized, patients with COVID-19 can progress to more severe dis-
ease, including respiratory failure and death. SARS-CoV-2
infection in vaccinated persons is expected to trigger memory
antibody and cellular responses owing to prior vaccination;
these immune responses could mitigate disease progression,
possibly preventing life-threatening organ failure and death.213
However, the association between prior vaccination and dis-
ease progression to the most severe forms of COVID-19 is not
well understood.

To estimate the benefits of mRNA vaccination against se-
vere COVID-19, this study examined the association between
prior vaccination and hospitalization for COVID-19, as well as
the association between prior vaccination and progression to
death or invasive mechanical ventilation among patients hos-
pitalized for COVID-19.

Methods

Design and Setting
This program was conducted by the Influenza and Other
Viruses in the Acutely Ill (IVY) Network, a collaboration among
21 US hospitals in 18 states and the Centers for Disease Con-
trol and Prevention (investigators and collaborators are listed
in eAppendix 1 in the Supplement).** A total of 4513 pa-
tients hospitalized at the network hospitals between March 11,
2021, and August 15, 2021, were included. Data on hospital-
izations were included for patients enrolled through August
15, 2021, and data on 28-day outcomes after hospitalization
were included for patients enrolled through July 14, 2021. This
analysis was an update to information previously published
using earlier versions of the program’s data.*1>1® STROBE
guidelines for reporting were followed. This case-control study
was determined to be a public health surveillance program,
with waiver of participant informed consent by all participat-
ing institutions and the Centers for Disease Control and Pre-
vention (CDC).

We used a test-negative case-control design to assess the
association between hospitalization for COVID-19 and prior vac-
cination with an mRNA COVID-19 vaccine. In this analysis, case
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Key Points

Question Does prior COVID-19 vaccination reduce
hospitalizations for COVID-19, and among patients hospitalized
for COVID-19, does prior vaccination reduce disease severity?

Findings In a case-control study that included 4513 hospitalized
adults in 18 US states, hospitalization for a COVID-19

diagnosis compared with an alternative diagnosis was
associated with an adjusted odds ratio (aOR) of 0.15 for full
vaccination with an authorized or approved mRNA COVID-19
vaccine. Among adults hospitalized for COVID-19,

progression to death or invasive mechanical ventilation was
associated with an aOR of 0.33 for full vaccination; both ORs
were statistically significant.

Meaning Vaccination with an mRNA COVID-19 vaccine was
significantly less likely among patients with COVID-19
hospitalization and with disease progression, consistent with risk
reduction among vaccine breakthrough infections.

patients were those hospitalized with COVID-19 and control
patients were those hospitalized for other reasons.!”° In a sec-
ond analysis among only patients hospitalized with COVID-
19, we assessed the association between COVID-19 disease pro-
gression and prior vaccination with an mRNA vaccine. In the
second analysis, cases and controls were patients hospital-
ized with COVID-19 with and without progression to death or
invasive mechanical ventilation, respectively.

Participants

Sites screened hospitalized adults aged 18 years and older for
potential eligibility through daily review of hospital admis-
sion logs and electronic medical records (eAppendix 2 in the
Supplement). COVID-19 cases included patients hospitalized
with a clinical syndrome consistent with acute COVID-19 and
a positive molecular or antigen test result for SARS-CoV-2
within 10 days after symptom onset.2° We included 2 control
groups: “test-negative” controls were persons hospitalized
with signs or symptoms consistent with acute COVID-19 but
who tested negative for SARS-CoV-2 by molecular testing;
and “syndrome-negative” controls were persons hospitalized
without signs or symptoms consistent with acute COVID-19
and who tested negative for SARS-CoV-2 by molecular testing
and were included as a secondary control group because of
the theoretic risk of case misclassification in test-negative
controls.?! Sites attempted to capture all cases admitted to
the hospital during the surveillance period and targeted a
case-control ratio of approximately 1:1 for each group of con-
trols. Controls were selected from lists of eligible participants
hospitalized within 2 weeks of enrollment of cases. Informa-
tion on vaccination status was not collected until after
patients were enrolled.

Data Collection

Demographic, clinical, and laboratory data were collected
by trained personnel through standardized participant
(or proxy) interviews and medical record reviews. Data on
race and ethnicity were collected because the association
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between vaccination and COVID-19 may vary by race or eth-
nicity. Information on race and ethnicity was reported by par-
ticipants during interviews conducted by research personnel
using fixed categories.

Details of COVID-19 vaccination, including dates and loca-
tion, vaccine product, and lot number, were ascertained through
a systematic process including patient or proxy interview and
source verification. Sources of documentation included vacci-
nation cards, hospital records, state vaccine registries, and vac-
cine records requested from clinics and pharmacies. Vaccine
doses were classified as administered if source documentation
was identified orif the patient or proxy reported a vaccine dose
with a plausible date and location of vaccination.

Laboratory Analysis

Upper respiratory specimens were collected from enrolled
patients, frozen, and shipped to a central laboratory at
Vanderbilt University Medical Center (Nashville, Tennessee).
Specimens underwent reverse transcriptase-polymerase
chain reaction testing for SARS-CoV-2 nucleocapsid gene tar-
gets with standardized methods and interpretive criteria.??
Specimens positive for SARS-CoV-2 with a cycle threshold
less than 32 were shipped to the University of Michigan
(Ann Arbor, Michigan) for viral whole-genome sequencing
using the ARTIC Network version 3 protocol on an Oxford
Nanopore Technologies instrument (GridION).2> SARS-CoV-2
lineages were assigned with greater than 80% coverage with
Phylogenetic Assignment of Named Global Outbreak Lin-
eages (PANGOLIN).24

Classification of Vaccination Status

During this study period, the mRNA COVID-19 vaccines were
administered as a series of at least 2 doses; participants were
considered fully vaccinated 14 days after receipt of the sec-
ond dose.?> Vaccination status was classified according to vac-
cine receipt before a reference date, which was the date of
symptom onset for cases and test-negative controls and 4 days
before hospital admission for syndrome-negative controls. Par-
ticipants were classified as unvaccinated if they had received
no vaccine doses before the reference date and fully vacci-
nated if they had received 2 or more mRNA vaccine doses at
least 14 days before the reference date. Patients were ex-
cluded if they had previously received at least 1 dose of an
mRNA vaccine but were not fully vaccinated, if they received
a different type of COVID-19 vaccine, such as AD26.COV2.S
(Janssen/Johnson & Johnson), or if they were vaccinated with
a mixed vaccine schedule (ie, BNT1262b2 vaccine for 1 dose
and mRNA-1273 vaccine for 1 dose).

COVID-19 Severity Classification

We collected data on severity for patients hospitalized with
COVID-19. These outcome data were collected until the ear-
lier of hospital discharge or 28 days after hospital admission.
The primary classification of disease severity was a binary mea-
sure that divided patients into those who experienced death
or invasive mechanical ventilation (progression to high dis-
ease severity) and those who did not (no progression to high
disease severity).
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As a secondary assessment, we classified COVID-19 sever-
ity using a modified version of the World Health Organization
COVID-19 Clinical Progression Scale, a commonly used ordi-
nal scale for assessing COVID-19 severity that ranges from un-
infected (level 0) and infected but asymptomatic (level 1) to
death (level 9) (eAppendix 2 [eTable 1]in the Supplement). We
classified severity according to the highest ordinal level that
the patient experienced during the first 28 days of hospital-
ization. In this analysis of hospitalized patients, the highest se-
verity level experienced could range from level 4 to 9, includ-
ing hospitalized without supplemental oxygen (level 4), with
standard supplemental oxygen (level 5), with high-flow nasal
cannula or noninvasive ventilation (level 6), with invasive me-
chanical ventilation (level 7), or with mechanical ventilation
and additional organ support (extracorporeal membrane oxy-
genation, vasopressors, or new kidney replacement therapy;
level 8); and in-hospital death (level 9).

We also evaluated in-hospital receipt of treatments used
for severe COVID-19 (corticosteroids, remdesivir, COVID-19 con-
valescent plasma, tocilizumab, or baricitinib) according to a bi-
nary category of no COVID-19 treatments vs 1 or more.

We also characterized COVID-19 severity by hospital length
of stay while accounting for the competing risk of death.

Statistical Analysis
For the association between COVID-19 hospitalization and prior
vaccination, we compared the odds of being fully vaccinated
with an mRNA vaccine (exposed) vs being unvaccinated
(unexposed) in cases hospitalized with COVID-19 vs controls
hospitalized with other conditions. Patients from the test-
negative and syndrome-negative control groups were pooled
for this analysis in accordance with a prior analysis showing
similar results with each control group individually.*!*> A
mixed-effects logistic regression model was generated, treat-
ing enrolling site as a random effect and with the following co-
variables: admission date (biweekly intervals), age, sex, and
race and ethnicity. In this model, an adjusted odds ratio (aOR)
less than 1.0 indicated that COVID-19 hospitalization was as-
sociated with reduced likelihood of vaccination. The aOR was
used to estimate vaccine effectiveness for the prevention of
COVID-19 hospitalizations via the following equation: vac-
cine effectiveness = (1 - aOR) x 100%.%2°

The association between COVID-19 hospitalization and
prior vaccination was also evaluated in stratified secondary
analyses, including by immunocompetent vs immunocom-
promised, age group (18-49, 50-64, or =65 years), vaccine type
(mRNA-1273 or BNT162b2 vaccine), and time between sec-
ond vaccine dose and illness onset (14-120 days; >120 days).
Additional models were constructed to evaluate interactions
between vaccination and exposure variable group. For immu-
nocompetent vs immunocompromised status and age groups,
we added interaction terms between vaccination and the strati-
fying variable to the regression model. For vaccine type and
time since vaccination, the vaccination exposure variable was
replaced with a product variable (unvaccinated, vaccinated
with mRNA-1273, and vaccinated with BNT162b2) or time vari-
able (unvaccinated, vaccinated 14-120 days before illness on-
set, and vaccinated >120 days before illness onset). P values
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for comparisons across subgroups were calculated for the in-
teraction term between the exposure variable and vaccina-
tion status (immunocompetent vs immunocompromised; age
group) or with the pwcompare Stata function for pairwise com-
parisons (vaccine product; time between second vaccine dose
and illness onset). In addition, separate assessments were con-
ducted evaluating the association between hospitalization with
SARS-CoV-2 variants (B.1.1.7 [Alpha]; B.1617.2 or AY [Delta]) and
period of illness onset (March to June 2021, which had pre-
dominant Alpha variant circulation; July to August 2021, which
had predominant Delta variant circulation).?”

Among patients hospitalized with COVID-19 through July
14, 2021, the association between progression to death or in-
vasive mechanical ventilation and prior mRNA vaccination was
calculated with multivariable logistic regression adjusted for
the following covariables: age, sex, race and ethnicity, and num-
ber of medical comorbidities by category (eTable 2 in the
Supplement). The association between death alone and prior
vaccination was similarly calculated with multivariable logis-
tic regression evaluating the odds of vaccination among pa-
tients with COVID-19 who died vs survived.

In a subgroup analysis to assess disease progression among
COVID-19 patients admitted with hypoxemia, the association
between death or invasive mechanical ventilation and prior
vaccination was calculated among the subgroup of patients
who received oxygen therapy or had oxygen saturation less
than 92% as measured by pulse oximetry within 24 hours of
hospital admission.

A multivariable proportional odds model was used to com-
pare the highest severity level experienced on the World Health
Organization COVID-19 Clinical Progression Scale between pa-
tients with vaccine breakthrough COVID-19 and unvaccinated
patients with COVID-19, using the same covariables described
earlier. An aORless than 1.0 for this model indicated lower odds
of vaccinated patients’ experiencing higher severity levels on
the ordinal scale compared with unvaccinated patients.

For receipt of in-hospital COVID-19 treatments, a multi-
variable logistic regression model was constructed to calcu-
late the aOR of vaccination among patients who did vs did not
receive at least 1 COVID-19 treatment.

To assess hospital length of stay, we calculated the prob-
ability of hospital discharge within 28 days after admission in
vaccinated vs unvaccinated patients with COVID-19, using
a Fine-Gray time-to-event analysis. We developed cumulative
incidence function curves, with discharge from the hospital as
the event of interest, death as the competing event, and patients
who remained hospitalized censored at 28 days.2® Point estimates
of subdistribution adjusted hazard ratios were reported.

Missing data forillness onset was imputed according to the
median number of days between illness onset and hospital ad-
mission for study patients within the same participant group.
Imputation was not used for other variables; the number of pa-
tients with missing data was reported. Because of the poten-
tial for type I error owing to multiple comparisons, findings
for analyses of secondary end points should be interpreted as
exploratory. Statistical significance was indicated by 95% CIs
not containing the null or a 2-sided P < .05. Stata version 16
was used for statistical analysis.
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Results

Participants

During March 11, 2021, to August 15, 2021, 5479 patients were
enrolled from 21 hospitals; 966 patients were excluded from
this analysis, with the most common reasons for exclusion
beingreceipt of at least 1 mRNA vaccine but not being fully vac-
cinated (n = 547) and receipt of a COVID-19 vaccine other than
an mRNA vaccine (n = 194) (Figure 1). The analytic popula-
tion included 4513 patients (median age, 59 years [IQR, 45-
69]; 2202 [48.8%] women; 23.0% non-Hispanic Black indi-
viduals, 15.9% Hispanic individuals, and 20.1% with an
immunocompromising condition), including 1983 cases with
COVID-19 and 2530 controls without it (1359 test-negative con-
trols and 1171 syndrome-negative controls).

Among 1983 COVID-19 case patients, vaccine break-
through patients compared with unvaccinated patients tended
tobe older (median age 67 vs 53 years), were more likely to be
White non-Hispanic (64.0% vs 43.0%), and were more likely
to be immunocompromised (40.8% vs 11.5%) (Table). Among
1700 fully vaccinated patients (including both COVID-19 cases
and controls), 1036 (60.9%) received the BNT162b2 vaccine and
664 (39.1%) received the mRNA-1273 vaccine; 1666 (98.0%)
vaccinated patients had source documentation of vaccine doses
and 34 (2.0%) had plausible self-report only. Full vaccination
was less common in COVID-19 case patients (15.8%) than con-
trols without COVID-19 (54.8%) (absolute difference, -39.0%;
95% CI, -41.5% to -36.4%).

Among 730 COVID-19 case patient specimens that had
SARS-CoV-2 lineage determined, 245 (33.6%) were identified
as B.1.1.7 (Alpha) variant, 335 (45.9%) as B.1.617.2 or AY group
(Delta) variant, and 150 (20.5%) as other variants. The pre-
dominant variant shifted from Alpha to Delta in mid-June 2021
(eFigure 1in the Supplement), and in this analysis the period
between July 1, 2021, and August 15, 2021, was considered
dominated by Delta variant circulation.

Association Between COVID-19 Hospitalizations

and mRNA Vaccination

Overall, COVID-19 hospitalization was strongly associated
with a lower likelihood of vaccination, with an aOR of 0.15
(95% CI, 0.13-0.18) (Figure 2). Effect modification was ob-
served by immunocompromised status, with a greater mag-
nitude of association for patients without immunocompro-
mising conditions (aOR, 0.10; 95% CI, 0.09-0.13) than with
immunocompromising conditions (aOR, 0.49; 95% CI, 0.35-
0.69) (P < .001) (Figure 2; eTable 3 in the Supplement). The
magnitude of association was higher for the mRNA-1273 vac-
cine (aOR, 0.11; 95% CI, 0.08-0.14) than the BNT162b2 vac-
cine (aOR, 0.19; 95% CI, 0.16-0.23) (P < .001), with this differ-
ence largely because of a lower aOR for patients at more than
120 days since vaccination with the mRNA-1273 vaccine (aOR,
0.15; 95% CI, 0.09-0.23; median 141 days from vaccine dose 2
to illness onset) than with the BNT162b2 vaccine (aOR, 0.36;
95% CI, 0.27-0.49; median 143 days from vaccine dose 2 toill-
ness onset) (P < .001). A lower aOR for the mRNA-1273 vac-
cine compared with the BNT162b2 vaccine for patients with
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Figure 1. Participant Flow Through a Study of Association Between COVID-19 mRNA Vaccination

and Hospitalizations and Disease Severity

5479 Patients admitted between March 11,
2021, and August 15, 2021

966 Excluded

RT-PCR result documented

547 Received 21 vaccine doses but not fully vaccinated
194 Received non-mRNA vaccine or mixed vaccine schedule
117 Self-report of vaccination not plausible and no verified
documentation of vaccination or verification not completed
68 Syndrome-negative control with later positive RT-PCR test
result at research laboratory or did not have a negative

32 Illness onset after admission (did not meet eligibility criteria)
8 >10 days between illness onset and SARS-CoV-2 testing
(did not meet eligibility criteria)

4513 Patients included in analyses for association between
COVID-19 hospitalizations and prior vaccination
1983 COVID-19 case patients
2530 Test-negative and syndrome-negative
control participants

2530 Control individuals not analyzed in the case-only analyses
of COVID-19 disease progression

1983 COVID-19 case patients

786 COVID-19 case patients hospitalized after July 14, 2021,
not included in the analysis of disease progression

“Syndrome-negative” participants
were persons hospitalized without
signs or symptoms consistent with

1197 Case patients hospitalized with COVID-19 enrolled
between March 14, 2021, and July 14, 2021,
included in analysis of disease progression

142 Vaccinated breakthrough cases
1055 Unvaccinated cases

acute COVID-19 and who tested
negative for SARS-CoV-2 by
molecular testing. They were
included as a secondary control
group because of the theoretical risk
of case misclassification in

illness onset greater than 120 days after vaccination was ob-
served after restricting to patients without immunocompro-
mising conditions and further stratifying these patients into
younger (18-64 years) and older (=65 years) groups (eTables 3-5
in the Supplement). By SARS-CoV-2 variants sequenced,
COVID-19 hospitalization was strongly associated with lower
likelihood of vaccination for both the B.1.1.7 (Alpha) variant
(aOR, 0.10; 95% CI, 0.06-0.16) and B.1.617.2 or AY (Delta) vari-
ant (aOR, 0.14; 95% CI, 0.10-0.21).

Breakthrough COVID-19 Hospitalizations and Association
Between Disease Progression and mRNA Vaccination
Among 1197 patients hospitalized with COVID-19 between
March 11, 2021, and July 14, 2021, 142 (11.9%) were vacci-
nated breakthrough cases and 1055 (88.1%) were unvacci-
nated. Compared with unvaccinated cases, vaccine break-
through cases were older and had more chronic medical
conditions (Table). Compared with unvaccinated cases, vac-
cine breakthrough cases less commonly received ICU-level care
(24.6% vs 40.1%; absolute difference, -15.5%; 95% CI, -23.1%
to -7.8%; P < .001) and invasive mechanical ventilation (7.7%
vs 23.0%; absolute difference, —-15.3%; 95% CI, -20.4% to
-10.2%; P < .001) (eTable 6 in the Supplement).
Unvaccinated patients accounted for 93.9% (261/278) of
cases with disease progression to death or invasive mechani-
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test-negative controls.

cal ventilation. The composite of death or mechanical venti-
lation was experienced by 17 of 142 (12.0%) vaccine break-
through cases and 261 of 1055 (24.7%) unvaccinated cases.
Among patients hospitalized with COVID-19, death or inva-
sive mechanical ventilation was associated with a lower like-
lihood of vaccination (aOR, 0.33; 95% CI, 0.19-0.58) (Figure 3).
Restricting to cases admitted with hypoxemia (n = 902, 75.4%
of cases), death or mechanical ventilation was also associ-
ated with a lower likelihood of vaccination (aOR, 0.30; 95%
CI, 0.16-0.58). Receipt of 1 or more COVID-19-related thera-
peutics during hospitalization was also associated with a lower
likelihood of vaccination (aOR, 0.32; 95% CI, 0.20-0.52)
(eTable 7 in the Supplement).

Unvaccinated patients accounted for 91.0% (91/100) of
deaths among patients with COVID-19 in this study. Death oc-
curred in 9 of 142 (6.3%) vaccine breakthrough cases and 91 of
1055 (8.6%) unvaccinated patients with COVID-19. Progression
to death after COVID-19 hospitalization was associated with a
lower likelihood of vaccination (aOR, 0.41; 95% CI, 0.19-0.88).

According to the World Health Organization COVID-19
Clinical Progression Scale, the highest level of disease sever-
ity experienced was significantly lower among vaccine break-
through cases than unvaccinated cases (aOR, 0.36; 95% CI,
0.25-0.51) (eFigure 2 in the Supplement). Hospital discharge
alive within 28 days of hospital admission was experienced by
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Table. Characteristics of Case Patients With COVID-19 by Vaccination Status

and Control Patients Without COVID-19

No. (%)
Vaccinated cases Unvaccinated cases  Controls
Characteristic (n=314) (n=1669) (n=2530)
Age, median (IQR), y 67 (55-74) 53 (40-63) 62 (48-71)
Age,y
18-49 54 (17.2) 704 (42.2) 690 (27.3)
50-64 82(26.1) 574 (34.4) 756 (29.9)
265 178 (56.7) 391(23.4) 1084 (42.8)
Sex
Women 138 (43.9) 831 (49.8) 1233/2530 (48.7)
Men 176 (56.1) 838 (50.2) 1297/2528 (51.3)
Race and ethnicity
Black, non-Hispanic 55(17.5) 453 (27.1) 529 (20.9)
Hispanic, any race 44 (14.0) 381(22.8) 294 (11.6)
White, non-Hispanic 201 (64.0) 717 (43.0) 1587 (62.7)
Other? 14 (4.5) 118 (7.1) 120 (4.7)
US census region
South 143 (45.5) 741 (44.4) 959 (37.9)
Midwest 76 (24.2) 323(19.4) 709 (28.0)
West 61(19.4) 381(22.8) 519 (20.5)
Northeast 34(10.8) 224 (13.4) 343(13.6)
Resident of long-term care facility 15/307 (4.9) 25/1602 (1.6) 140/2436 (5.7)
Previous hospitalization in last year 131/302 (43.4) 381/1496 (25.5) 1299/2390 (54.4)

Current tobacco use

21/290(7.2)

154/1392 (11.1)

814/1667 (48.8)
327/1667 (19.6)
425/1667 (25.5)
191/1667 (11.5)
962/1642 (58.6)

No. of chronic medical conditions, 3(2-4) 1(0-2)
median (IQR)°
Cardiovascular disease 236 (75.2)
Pulmonary disease 100 (31.8)
Diabetes 112 (35.7)
Immunocompromising condition® 128 (40.8)
Obesity (body mass index 230) 142 (45.2)
Fully vaccinated with mRNA vaccine series? 314 (100) 0
Among fully vaccinated, vaccine product
received
BNT162b2 (Pfizer-BioNTech) 226 (72.0)
mRNA-1273 (Moderna) 88 (28.0)

Among fully vaccinated, median (IQR) days
from second vaccine dose to onset
of symptoms

110.5 (58-141)

466/2282 (20.4)
2(1-3)

1675/2527 (66.3)
732/2527 (29.0)
809/2527 (32.0)
585/2527 (23.1)
1031/2508 (41.1)
1386 (54.8)

810/1386 (58.4)
576/1386 (41.6)
79 (48-112)

Abbreviation: MRNA, messenger RNA.
2 Other includes self-reported race

and ethnicity as other or
non-Hispanic (n = 190), or patients
for whom information on race and
ethnicity was unavailable (n = 62).

b Chronic medical conditions included

the following (details in eTable 2 in
the Supplement): cardiovascular
disease, neurologic disease,
pulmonary disease, gastrointestinal
disease, endocrine disease, kidney
disease, hematologic disease,
malignancy, immunosuppression
not captured in other categories,
autoimmune condition, or other
condition (sarcoidosis, amyloidosis,
or unintentional weight loss =4.5 kg
[10 Ib] in the last 90 days).

€ Immunocompromising conditions

included active solid organ cancer
(active cancer defined as treatment
for the cancer or newly diagnosed
cancer in the past 6 months), active
hematologic cancer (such as
leukemia, lymphoma, or myeloma),
HIV infection without AIDS, AIDS,
congenital immunodeficiency
syndrome, previous splenectomy,
previous solid organ transplant,
immunosuppressive medication,
systemic lupus erythematosus,
rheumatoid arthritis, psoriasis,
scleroderma, or inflammatory bowel
disease, including Crohn disease or
ulcerative colitis.

4 COVID-19 vaccination status

included unvaccinated, defined as
no receipt of any COVID-19 vaccine,
and fully vaccinated, defined as
receipt of at least 2 doses of an
mRNA vaccine, with the second

dose received at least 14 days
before illness onset.

125 0f 142 (88.0%) vaccine breakthrough cases and 814 of 1055
(77.2%) unvaccinated cases (P = .003). In the competing risk
model evaluating time to hospital discharge with a compet-
ingrisk of death, vaccine breakthrough cases had a higher rate
of hospital discharge (ie, shorter length of stay) than unvacci-
nated cases (subdistribution adjusted hazard ratio, 1.73; 95%
CI, 1.42-2.10). These findings remained consistent when strati-
fied by age and immunocompromised status (Figure 4).

|
Discussion

In this analysis of adults hospitalized in 21 US hospitals be-
tween mid-March and mid-August 2021, vaccination with an
mRNA COVID-19 vaccine was significantly less likely among pa-
tients with COVID-19 than other conditions and among those

JAMA November 23/30,2021 Volume 326, Number 20

with COVID-19 who progressed to death or mechanical venti-
lation than those with COVID-19 who did not have disease pro-
gression. These findings are consistent with risk reduction of
developing severe COVID-19 among patients with vaccine break-
through infections compared with absence of vaccination.
The aOR in this analysis corresponds to an estimated over-
all vaccine effectiveness of 85% for mRNA vaccines to pre-
vent COVID-19 hospitalizations. The findings also corre-
spond to an estimated vaccine effectiveness of 90% for the
immunocompetent population and 86% for COVID-19 hospi-
talizations caused by the Delta variant. When the mRNA-1273
and BNT162b2 vaccines were compared, estimated vaccine ef-
fectiveness was similar within 120 days of vaccination. In con-
trast, beyond 120 days, the results corresponded to an esti-
mated effectiveness of 85% for the mRNA-1273 and 64% for
the BNT162b2 vaccine to prevent COVID-19 hospitalizations.
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Figure 4. Competing Risks Regression of Hospital Discharge for Adults Hospitalized With COVID-19
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Cumulative incidence of hospital discharge by vaccination status (fully
vaccinated with a 2-dose series of MRNA vaccine vs unvaccinated) is shown for
patients not immunocompromised (A), those immunocompromised (B), those
aged 18 to 64 years (C), and those aged 65 years or older (D). The event of
interest was discharge from the hospital before day 28 in the presence of the
competing event of death. Patients who remained hospitalized more than

28 days were censored at 28 days. Competing risk models were adjusted for
age group (18-49, 50-64, and =65 years), sex, self-reported race and ethnicity,
and number of medical comorbidities (O, 1, 2, 3, and =4). Models by age group
were adjusted for continuous age in years. mRNA indicates messenger RNA;
and SHR, subdistribution hazard ratio.

Among patients hospitalized with COVID-19, the out-
come of death or invasive mechanical ventilation was associ-
ated with a lower likelihood of vaccination. These data sug-
gest that the COVID-19 mRNA vaccines may attenuate disease
severity among patients who develop COVID-19 despite vac-
cination, and the total benefits of vaccination exceed those es-
timated from the prevention of hospitalization alone.

These data complement vaccine trials and emerging post-
marketing data that suggest receipt of mRNA vaccinationis as-
sociated with risk reduction of severe COVID-19. The mRNA
vaccine clinical trials were not powered to address severe dis-
ease, including complications after hospitalization.?9:3*© Ob-
servational postmarketing studies, including this analysis, have
consistently demonstrated a strong association between vac-
cination and risk reductions in COVID-19 hospitalization in im-
munocompetent individuals, suggesting that the high effi-
cacy observed in mRNA clinical trials translates into beneficial
effects in the community setting.?31° As vaccine coverage in-
creases, breakthrough cases are also expected to increase. Con-

jama.com

cerns about vaccine failure against severe disease are espe-
cially likely among patients with complicated comorbidities
who are overrepresented in inpatient settings compared with
the general population. This analysis demonstrated a strong
association between hospitalization for COVID-19 and lower
likelihood of vaccination. Moreover, disease progression to
critical illness after hospital admission was associated with a
lower likelihood of vaccination among a population represent-
ing typical hospitalized patients in the US, which included high
prevalence of medical comorbidities and multimorbidity.
Recent surges of COVID-19 cases from the SARS-CoV-2
Delta variant and signs of potential waning protection over
time from a 2-dose mRNA vaccine series have prompted
policy discussions about additional vaccine doses.!®>!32 Sev-
eral findings from this study could help inform ongoing
policy discussions on implementing booster vaccination and
guiding future research. First, the association between
mRNA vaccination and reduced risk of COVID-19 hospitaliza-
tion was substantially weaker in the immunocompromised
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population than the immunocompetent one, supporting
recent recommendations for additional vaccine doses among
immunocompromised persons.3? Second, vaccine break-
through COVID-19 hospitalization appeared to be more com-
mon with the BNT162b2 than the mRNA-1273 mRNA vaccine
in this analysis. Third, the association between vaccination
with the BNT162b2 vaccine and reduced risk of COVID-19
hospitalization declined after 4 months from vaccination,
potentially indicating clinically important waning of protec-
tion over time, including for severe COVID-19.

Similar product-specific differences between the mRNA-
1273 and BNT162b2 vaccines have also been reported in other
recent observational studies in inpatient and outpatient
settings.?* Furthermore, recent immunologic studies have
shown higher antibody responses after vaccination with
mRNA-1273 compared with BNT162b2.1%->> These differences
may be related to higher antigen content in the mRNA-1273 vac-
cine, a longer recommended interval between vaccine doses
(4 weeks for mRNA-1273 and 3 weeks for BNT162b2), or both.
However, differences in the population vaccinated with the
mRNA-1273 and BNT162b2 vaccines could also contribute to
observed differences in vaccine breakthrough. Differences in
memory B- and T-cell responses between COVID-19 vaccines
have not been assessed and may be robust and similar for both
mRNA vaccine products.3®

An unresolved question is whether observed differences
by product and time since vaccination are due to declining
immunity, evasion of immunity by the Delta variant, or a
combination of the 2. Disentangling the mechanism of
decline in protection could inform decisions on whether
improving protection would be better achieved through
booster vaccine dosing of the same products or administra-
tion of new vaccine formulations with a strain change, as is
done with seasonal influenza vaccines.?” These issues are
epidemiologically challenging to disentangle with certainty
because the Alpha variant preceded Delta circulation, and
thus patients infected with the Delta variant also were more
likely to have been vaccinated longer ago. The association
between prior vaccination and COVID-19 hospitalization was
strong for sequenced Alpha and Delta variants. Because the
numbers sequenced were smaller than the full cohort num-
bers, the report also evaluated the magnitude of association
by time since vaccination between March and June when
the Alpha variant circulated vs July and August when the
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Delta variant predominated. The association between mRNA
vaccination and reduced risk for COVID-19 hospitalization
observed during the Delta variant circulation was high for
participants with illness onset within 120 days of vaccination
and lower for participants with illness onset after that period.
This suggests that waning immunity rather than primary
evasion by the Delta variant may be a driving mechanism
of reduced vaccine protection observed. Whether this
decline is restricted to specific high-risk subpopulations or
vaccine types or is due to unmeasured confounding warrants
further investigation.

Limitations

This study has several limitations. First, although several rel-
evant confounders were controlled for, unmeasured con-
founding in this observational case-control study could have
occurred. Second, progression of COVID-19 to high severity
was measured with multiple outcomes that considered
death, organ failures, oxygen use, and duration of hospital-
ization. Although these measures do not comprehensively
characterize disease severity, they capture life-threatening
complications of COVID-19. Third, this analysis included only
hospitalized patients and cannot inform whether vaccination
attenuates COVID-19 severity among outpatients. Fourth, if
vaccine breakthrough cases were systematically more likely
to be hospitalized for COVID-19 of lesser severity than unvac-
cinated patients, our analyses of the association between
vaccination and severe disease could be confounded by an
admission bias. However, lower risk of progression to severe
disease among vaccine breakthrough cases was sustained
after the population was limited to patients who were admit-
ted with hypoxemia. Fifth, sample size limitations prevented
assessments of disease attenuation stratified by vaccine type,
SARS-CoV-2 variant, and time since vaccination.

. |
Conclusions

Vaccination with an mRNA COVID-19 vaccine was signifi-
cantly less likely among patients with COVID-19 hospitaliza-
tion and with disease progression to death or invasive me-
chanical ventilation. These findings are consistent with risk
reduction of developing severe COVID-19 among vaccine break-
through infections compared with absence of vaccination.
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